Prolonged storage of red cells at 4 degrees C.
One of the events associated with red cell storage at 4 degrees C is the development of an increasing proportion of echinocytes. Vesicles also may bud off the spicules, presumably leading to a decreased surface-to-volume ratio and decreased deformability. Pursuing the hypothesis that increasing the surface tension of the cells by increasing their volume might reduce the tendency toward echinocytosis and extend refrigerated storage time, packed red cells were resuspended in a solution hypotonic (210 mOsm) with respect to solutes that do not penetrate the cell. Since a reduced ionic concentration results in increased membrane permeability for cations, normal ionic concentration was maintained by the addition of NH4C1, which readily penetrates red cells and therefore contributes no osmotic support. Adenine, glucose, mannitol, citrate, and phosphate also were included. Unexpectedly, the predominant effect of red cell storage in this solution was a remarkable elevation of adenosine triphosphate (ATP). At 4, 8, and 10 weeks, (ATP) levels averaged 165, 135, and 110 percent of initial values, respectively. At 16 weeks, ATP still averaged 50 percent of initial values. Twenty-four-hour in vivo survival of red cells measured at 12 to 18 weeks ranged between 70 and 80 percent, and hemolysis ranged from 0.3 to 7.1 percent. Both the hypotonicity and the ammonium salt appear to be necessary for the high ATP.